The atoms of organic molecules and standard amino acids in protein have specific atomic attributes, such as partial charge, depending on the environmental condition and protonation status. In most of the molecular mechanics algorithm and force field these atomic properties of organic molecules are therefore categorized according to the atoms and bond types and defined as constant values in the internal database. The partial atomic charge is one of these sorts of properties which are given as constant parameters in every modeling algorithm.
In some case these limited number of atom types are not sufficient to model the system adequately. In case of amino acids there exist not only 20 standard types but also 'mutated' or covalently bound amino acids which cannot be well described with the standard parameter values in a given force field algorithm. In this case a reasonable readjustment of atomic charges is necessary to represent a balanced distribution of total charge in a molecular unit.
In recent investigation of molecular interactions in catechol oxidase with its inhibitor, 1 we found that a histidine sidechain was covalently bound to a cystine monomer and this unusual adduct acted as a stable electron donor to copper atom which again were complexed by an N-phenylthiourea ligand.
For the molecular mechanical simulation of this complex it was necessary to predefine the adequate atomic charge of involving nonstandard histidine-cystine adduct and Nphenylthiourea derivatives as ligand molecule. In this work we use the framework of AMBER program package 2 to find the consistent atomic charges of the components mentioned.
Methods
The atomic charge is one of electronic properties which can only be precisely calculated quantum mechanically. For a wide range of modest sized organic molecules J. Steward proposed AM1 (Austin Model 1) which is one of the most widely used semiempirical calculation algorithm for the atomic charges.
3 Based on the AM1 model A. Jakalian et al. proposed a modified AM1-BCC(Bond Charge Corrections) model to generate high quality atomic charges within the fast and efficient calculation time. 4 Actually the charges adopted in "generalized AMBER force field(GAFF)" 2 is generated using HF/6-31* RESP (Restrained Electro Static Potential) charges, but AM1-BCC was parameterized to reproduce HF/ 6-31* RESP charges for a variety of organic molecules. Jakalian et al. had further globalized the AM1-BCC method using 2755 organic molecules as test sets and reported the validation applied to virtually all types of compounds in The Merck Index and NCI Database. 5 In case of large scale molecular simulation the charges are to be calculated by AM1-BCC and fitted for the general consistency with the GAFF in the framework of AMBER molecular mechanics algorithm.
Results and Discussion
Editing Structure. The ligand N-phenythiourea in the catechol oxidase and the ring substituents are the first targets of the charge calculation and the atom naming was adopted from the X-ray structure 1bug.pdb 1 as is shown in Figure 1 . As the ring substituents we introduced tertiary butyl group on 5 free positions; para substituent was on carbon C6 (Structure 2), ortho on C2 (3) and meta on C1 (5) atom respectively.
For the purpose of the molecular dynamics simulation we calculated also the t-butyl substituent on counter positions to 3 and 5 and notated as 4 and 6 respectively. Because of the rotation freedom of the bond N1-C3 the structure 3 and 4 and the structure 5 and 6 are chemically identical with the same atomic charge distribution, but the structures are The source coordinates of the ligand N-phenylthiourea (1) was filtered from the pdb code and the t-butyl group was edited in the code and the vacant valence was filled with hydrogen using default bond geometry. The model building utility of the program CHIMERA 6 was used, where the coordinate values of heavy atoms and therefore the original conformation was conserved. The conformation of the two N-o-t-butylphenylthiourea was distinguishable with the distance N2-CG of 4.746 Å (3) and 3.404 Å (4), as shown in Figure 2 , and the corresponding value of the meta-analogue were 6.438 Å (5) and 5.330 Å (6), respectively. The N-p-tbutylphenylthiourea has the distance of 6.734 Å (2) from N2 to CG atom.
Calculation of Charge. The antechamber program in the AMBER11 package was used to execute the MOPAC 7 Figure 2 . The two N-o-t-butylphenylthioureas 3 and 4 show different conformations due to the hindered rotation around the N1-C3 bond. Table 1 . The calculated and adjusted atomic charge of N-phenylthiourea (Structure 1) and t-butyl derivatives (2, 3, 4, 5 and 6). The naming of hydrogen is synchronized to the name of host atom and the bold-faced atoms and charges show the change of atomic charge due to the substation at different position program. The input pdb file was converted into Sybyl mol2 format which contains the bond and atom type information necessary for the calculation. We performed the semi-empirical calculation for the original N-phenylthiourea (1) and the phenyl derivatives, 2, 3, 4, 5, and 6 and the calculated charge values of the derivatives are listed in column AM1-BCC of Table 1 .
Fitting the Total Charge. The resulting charges shows the expected electro-static potential of general organic molecules, which can otherwise be found in the standard force field parameter database. The substitution of t-butyl group on phenyl ring shows the change of the charge distribution beyond the ring system. The aromatic carbon atoms are normally more polar than the aliphatic carbon with average charge between −0.10 and −0.15 for C1, C2, C4, C5 and C6 of N-phenylthiourea (1). The substitution on carbon C1 (5), C2 (3), C4 (4), C5 (6) and C6 (2) lowers the aromatic polarity to −0.04~−0.07 and the amount of excessive charge will be distributed over the butyl group.
The individual atoms of different isomers or conformers, however, show slightly different values. This discrepancy cannot be explained by the substituent positions alone. The sulfur atoms of thiourea group, for examples, show different values in all 6 conformers, what might be a computational artifact in the semiempirical calculation. The existence of artifacts can be also seen in the total charge of nonzero residual values. From these results of calculation the charges are to be generalized within the 6 conformers depending on the bonding environments and neighboring atoms to represent a consistent physical property.
The start point of fitting procedure is the hydrophobic tbutyl group. Firstly, from 5 AM1-BCC calculations the most probable charge values of t-butyl group was deduced and thus the total charge of t-butyl group was set to +0.079, which is the sum of three CG's of −0.091 and 9 HG's of charge 0.040 plus −0.008 from one CG, introduced direct to the phenyl ring. In the second step, the calculation result of unsubstituted phenylthiourea was adopted beside of small correction for the chemically identical atoms. The atomic charges thiourea group were set identical for all 6 molecules. The charge of substituted atoms, C1, C2, C4, C5 and C6 was set consistently according to the positional character. The ortho carbon C2 and C4 have the value of −0.069, the meta carbon C1 and C5 have −0.039 and para carbon C6 was set to −0.057. Also starting from the AM1-BCC calculation the charges of the rest atoms of phenyl ring were corrected partly to give a total charge of zero. The final fitted charge values are listed in Table 1 .
Nonstandard Amino Acid. The catechol oxidase receptor protein contains nine different types of histidine residue depending on the neighboring groups. The crystallization medium was reported neutral 1 and therefore all histidine residues should be protonated either ND1 or NE2 of imidazole ring. The structural analysis revealed that NE2 of three imidazole rings served as electron donors to one copper atom and the two copper atoms are complexed to NE2 atoms of 6 histidines. The protonation position at these 6 histidines is therefore ND1 atom of imidazole rings. Besides of NE2 atoms the sulfur atom of the phenythiourea also donates the two electron pairs to two copper atoms and thus two copper atoms are complexed tetrahedrally with the distance of about 2.3 Å around the copper atoms.
One of the 6 histidine had an additional special feature in the imidazole ring. The CE1 atom of normal histidine has HE1 hydrogen as 4 th valence, however the CE1 atom of histidine 109 is bonded to sulfur atom of monomeric cystine residue from the neighborhood. The former 5 of 6 histidines can be designated as HID as in standard AMBER convention, but the later histidine has a new CE1-SG bond with bond length of 1.802 Å instead of CE1-HE1 bond of normal histidine. The last type of histidine was named here as HIX and the atomic charges were to be redefined for the new type of histidine and cystine bridge bond as in Figure 3 .
There are also another type of histidine with the NE2 Figure 3 . New type of CE1-SG bond between histidine 109 (HIX) and cystine 92(CYX) with bond length of 1.802 Å, which is shorter than of the length CB-SG (1.817 Å) of CYX. The atomic charge of the HID and HIE were taken from the AMBER force field as is. The charges of HIXwere based on the values in HID. The HE1 atom was removed from the coordinates and charge was distrituted to the neighboring atoms. 50% to the CE1 atom and 25% to the ND1 and NE2 atoms of the imidazole ring. The final values are listed in Table 2 .
As a result of the redistribution of charge 0.1392 of HE1 the CE1 atom became more polar and ND1 and NE2 atom of HIX less polar than in the HID residue. The more detailed analysis of the N-phenylthiourea and protein complex in 1bug.pdb showed the difference of this polarity in the complex bond. The bond distance of positive Copper to less polar NE2 (−0.5379) of HIX (2.250 Å) is slightly longer than with other NE2 (−0.5727) of 5 HID residue (average 2.111 Å). The tetrahedral arrangement of ligand is shown in Figure 4 , where sulfur atom of N-phenylthiourea (URS) in the middle serves two electron pairs to two copper atoms.
Conclusions
The calculated and fitted atomic partial charges of the Nphenylthiourea and 5 derivatives represent reasonable charge distributions which show mostly consistent values with the GAFF of standard AMBER. Also the intuitive fitting by redistribution of atomic charge of 'lost' atom HE1 of histidine is consistent with structural status in X-ray structure of catechol oxidase.
The proposed atomic charge can be used as standard force field parameters in AMBER for the diverse molecular mechanics simulation.
Based on this study we performed various molecular dynamics simulations extensively with the reliable and confirming results which will be reported in the ongoing publications. 
